We examine the forecasting power and profitability of moving average (MA) and trading range break (TRB) rules for the daily prices of ten Asian stock indices from January 1990 to September 2012 using bootstrap tests. The results confirm the predictive ability of MA rules whereas the picture uncovered by the TRB rules is more mixed. The MA rules consistently generate positive excess returns after transaction costs, with highest magnitudes often achieved for less developed markets. However, more developed markets surprisingly seem to be far from informationally efficient as well. Furthermore, short-term variants of the trading rules outperform systematically long-term variants.
Introduction
Technical analysis may be simply defined as a variety of methods which aspire to predict the price movements of financial instruments based on historical data. Technical analysts aim at identifying trends at an early stage and maintaining their positions until they see signs of a trend reversal. However, if price trends could be exploited profitably by means of technical analysis, the Efficient Market Hypothesis (EMH) established by Fama (1970) would be violated. This hypothesis states that prices on efficient capital markets fully reflect all information and adjust immediately to new information arrivals. Furthermore, Fama (1970) subclassifies three forms of efficiency: the weak form, in which the information set comprises only historical capital markets data; the semistrong form, in which the information set includes all publicly available information; and the strong form, in which the information set extends to all available information. Therefore, if market participants could deploy profitably technical trading rules, efficiency is not inherent in capital markets even in its weak form. Due to its neglection of the EMH, the perception of technical analysis in the academic world tends to be rather lukewarm. However, the studies of Taylor and Allen (1992) and Menkhoff and Taylor (2007) show the prominent position it possesses in investment practice.
Park and Irwin (2007) review the international evidence on the profitability of technical analysis and show that extant studies are not able to provide conclusive evidence advocating the benefits of technical trading strategies. More specifically, out of 95 considered studies published in the period between 1960 and 2004, 56 studies find positive results regarding technical trading strategies, 20 studies obtain negative results, and 19 studies provide mixed results. As the seminal study of Brock et al. (1992) dates back 20 years, we intend to test whether the rules described in their paper do still exhibit predictive power although being well-known and examine for this purpose ten Asian stock indices.
Probably the most popular contribution in the area of Asian markets can be assigned to Bessembinder and Chan (1995) . Their results show that moving average (MA) and trading range break (TRB) rules are quite successful in the emerging markets of Malaysia, Thailand and Taiwan. In contrast, they exhibit less explanatory power in more developed markets such as Hong Kong and Japan in the period between 1975 and 1989. The results of Harvey (1995a) and Harvey (1995b) that compare expected returns and volatility levels across markets document that returns are more predictable in emerging than in developed markets. A number of studies test the random walk hypothesis for Asian markets and establish inter-temporal predictability which can be exploited by sophisticated The debate on the predictability of returns has also triggered a substantial amount of empirical research on the performance of technical trading rules in Asian markets. We review these studies and show that the question about the sustainable profitability of technical trading in this region remains still open. Overall, it appears that technical analysis is more attractive in emerging than in developed markets but its predictive power and economic exploitability seem to diminish in the course of time. Therefore, it is of interest to examine whether the attractiveness of technical analysis continues to hold for most recent sample periods. A variety of financial instruments is available to implement such simple trading strategies as we propose. Equity index futures exist at least for the "more developed" markets in our sample and meanwhile, Exchange Traded Funds which track the performance of all markets under consideration are accessible for foreign investors.
Our study contributes to the existent literature with an analysis whether technical analysis possesses forecasting power which can be economically exploited in terms of excess returns above buy-and-hold by applying the trading rules of Brock et al. (1992) and Bessembinder and Chan (1995) to a very recent, broad sample of ten popular Asian stock indices. Moreover, since we employ data from January 1990 to September 2012, we extend the existing literature by examining a sample period spanning the various financial crises of the new millennium. To assess the significance of the attained results, bootstrap tests are applied. The profitability of the trading rules is evaluated by taking transaction costs into account. To avoid data-snooping concerns emerging from potential non-synchronous trading, we also report results obtained with the one-day lag adjustment proposed by Bessembinder and Chan (1995) .
The paper is arranged as follows: Section 2 reviews the literature on technical trading tests in Asian markets. Section 3 presents the sample, the trading rules and employed methods of analysis. The empirical results are presented in Section 4, followed by a discussion and comparison with extant studies (Section 5). The final section concludes.
Literature Review
In the following, the focus is set on results based on a methodology similar to that of Brock et al. (1992) and Bessembinder and Chan (1995) and data from Asian markets 28 . The research in this domain can be broadly divided into two subgroups according to whether transaction costs are taken into account in the analysis or not. To begin with studies focusing on the predictive ability of technical trading rules without implications for their profitability, Gunasekarage and Power (2001) apply variable length moving average (VMA) rules and fixed length moving average (FMA) rules to the market indices of India, Sri Lanka, Bangladesh and Pakistan for the period from 1990 to 2000 and show that they have predictive ability with India exhibiting the lowest performance, probably due to being the largest market in the region. Wong et al. (2003) confirm that MA rules can be used to generate significantly positive returns with the Singapore equity index market between 1974 and 1994. Chang et al. (2006) present evidence that various VMA, FMA and TRB rules applied to the Taiwan equity index market from 1983 to 2002 exhibit pronounced predictive power. McKenzie (2007) tests VMA, FMA and TRB rules for 17 emerging markets (seven of which Asian) over the period of 1986 to 2003. His results show that some of the trading rules considered are able to earn significant returns but the forecasting accuracy decreases for more recent sample periods.
It becomes obvious that research not accounting for profitability of trading rules for the most part confirms the existence of predictive patterns which can be uncovered with simple trading rules. A number of studies extend the analysis by taking transaction costs into account. However, they contribute to the discussion whether any potential patterns in past price information can be used to generate profits for Asian markets with contradictory results.
Starting with studies which confirm the profitability of technical trading, Ito (1999) applies the same set of technical rules as Brock et al. (1992) to the Japanese, US, Canadian, Indonesian, Mexican and Taiwanese equity indices over the period from 1980 to 1996 documenting the stronger forecast power for emerging than for developed markets where trading rules remain profitable relative to the buy-and-hold strategy after transaction costs. Ahmed et al. (2000) To sum up, the discussion about the economic benefits of applying simple technical trading rules to Asian markets, especially after taking transaction costs into account, is still open. Overall, technical trading rules prove to be more attractive in emerging than in developed markets but their predictive power and profitability appear to diminish with the advancing market development in recent years. Moreover, none of the presented studies includes the period after 2008 following the global financial crisis. The current paper fills this void and addresses the ongoing debate with most recent data for ten Asian countries.
Data and methodology

Stock Indices
The market indices examined in this study are the Hang Seng Index for Hong Kong, the Jakarta Composite Index for Indonesia, the Korea Composite Stock Index for South Korea (in the following referred to as Korea), the Kuala Lumpur Composite Index for Malaysia, the Taiwan Stock Exchange Capitalization Weighted Stock Index for Taiwan, the Stock Exchange of Thailand Index for Thailand, the Bombay Stock Exchange Sensitive Index for India, the Karachi Stock Exchange 100 Index for Pakistan, the Colombo Stock Exchange Price Index for Sri Lanka and the Tokyo Stock Price Index for Japan. The sample includes the period from January 1, 1990 to September 30, 2012. The data were obtained from Datastream. Table 1 contains summary statistics for one-day returns for these indices showing that the sample covers assets with very different characteristics in terms of return and price variation over time. The mean returns for all markets except Japan and Taiwan are positive. The Korean stock market is the most volatile during the sample period under consideration, followed by India and Taiwan.
Methodolgy
The term technical analysis is an umbrella for literally hundreds of different rules and concepts. Practitioners depending on these rules for their investment decisions are almost certainly going to use a combination of various rules or will not solely rely on technical analysis (see Taylor and Allen 1992) . Therefore, the methodology we use in this study is rather basic as we only look at variable length moving averages and trading range breaks. Although practitioners may accuse us of being too simplistic, the intention of this paper is not to optimize combinations of trading rules but to test whether a set of well-known and well-researched basic rules is able to outperform a buy-and-hold strategy. Furthermore, as we limit our rules to the sets of researchers like Brock et al. (1992) and Bessembinder and Chan (1995), we are able to directly compare our results with the existing literature.
Our set of moving average rules comprises crossover systems. Cross-over systems need and input of at least two moving averages of different lengths of the price series. Buy (sell) signals are generated whenever the short moving average (SMA) crosses the long moving average (LMA) from below (above). To take so-called whiplashs into account, a percentage band around the long moving average may be used. The term whiplash refers to the tendency of the SMA to cross the LMA multiple times before a significant trend is established. Using bands means that the signal is not generated when the LMA is crossed but when the upper band is crossed from below (Buy signal) or the lower band from above (Sell signal). We run our tests with SMA of 1, 2 and 5 days, LMA of 50, 150 and 200 days and bands of 0% and 1%, resulting in a total of 18 rules.
The second type of rules is trade range breaks. The basic idea is that price series of financial instruments tend to form certain levels of support to the downside and resistance to the upside. A support level is interpreted as a price where strong demand for the assets sets in, probably because investors perceive it to be a cheap buy at that price. This demand pushes the price upwards. If the price happens to fall below the support level, technical analysts expect a further depreciation of the price and interpret this as a Sell signal. Within our set of rules the support level is given by the lowest price observed over a specified time span of t days with t = 25, 50, 100, 150, 200. Therefore, a Sell signal is generated whenever the current price drops below the lookback period's lowest price. The reasoning for the resistance levels goes along the same line. Once the price is approaching the resistance level, a strong selling pressure, that is an increased supply of assets, starts. Technical analysts argue that investors show a tendency to break even, therefore all those who bought at or near the up-tonow highest price try to sell to prevent losses in case of depreciating prices. If this selling pressure is overcome and the price rises above the resistance level, this is interpreted as a strong Buy signal. We use the highest prices over the last 25, 50, 100, 150 and 200 days as resistance levels.
A critical point when implementing a technical system is the time span between the signal generation and the actual trade. Given the current technological situation, it can be assumed that an investor is able to react immediately whenever a signal occurs. However, one may argue that time gaps between signal and trade execution can arise due to technological deficiencies, especially in emerging markets, or simply because the investor needs some time to update his rules. We therefore also check the performance of the rules when considering a lag of one trading day before an order is executed.
Any discussion of technical analysis would be incomplete without further insights into the profitability of the systems. An even weakly efficient market would rule out any successful application of technical analysis. This does not mean that an investor loses money by using technical rules but he would not be better off than by simply using a buyand-hold strategy. Therefore, we take the buy-andhold strategy as benchmark to test whether technical analysis is profitable or not. The investor is assumed to go long the market when a Buy signal is in effect and to short the market when a Sell signal appears. It should be stressed that this is just one possibility of how to implement a trading strategy. Furthermore, we assume that each order leads to transaction costs of 0.1 %, a figure that seems reasonable even for rather small investors. Having defined the strategy this way, the adjusted excess return (AER) is computed as follows:
In equation (1) , rB,i and rS,j are Buy and Sell returns while NB, NS and N are the Buy days, Sell days and total number of days (NB + NS = N), respectively. Therefore, the third term on the righthand side of the equation is just the buy-and-hold return which is our benchmark. SB and SS are the numbers of Buy and Sell signals, C T are the transaction costs. We double the number of signals to calculate the total transaction costs because a signal leads to the closing of the existing position, for example exiting the long position, and to the opening of a new position, for example a short position.
To test the statistical significance of the obtained results, we use a bootstrap methodology. The basic methodology was developed by Efron and Tibshirani (1986) and, in the field of technical analysis, was also applied in the study by Brock et al. (1992) , for example. The bootstrap helps to overcome some shortfalls of traditional t-tests because it does not demand normally distributed returns, which is rather doubtful for our sample as Table 1 indicates, and independent samples. The original return series is resampled by randomly drawing with replacement. This creates new time series of returns in which dependencies among the original returns are likely to be destroyed. The rule used to create the bootstrap samples is basically the random walk model of stock prices.
Afterwards, the trading rules are applied to the bootstrap sample. By comparing the results with those of the original series, it is possible to derive a simulated p-value or an approximated achieved significance level. If the rules perform as well for the bootstrap samples as for the original data set, the results would be deemed not significant. As in Efron and Tibshirani (1993), the achieved significance level (ASL) is computed as:
with t being the statistic of interest, for example the return for Buy periods.
Results
The results for the trading rules are given in tables 2 to 9. All tables are structured as follows. Results for mean Buy and Sell returns across the relevant trading rules are displayed in the columns labelled as r¯B and r¯s. The standard deviations of the Buy and Sell returns are presented in the columns labelled σB and σs, respectively. AER is the adjusted excess return, as defined in equation (1) . Sig denotes the number of trading signals. The statistical significance of the results from each rule is assessed using a bootstrapping methodology with 1 000 samples. The values in parentheses below each value of mean returns, standard deviations and adjusted excess returns denote the percentage of the bootstrap samples which achieved a value higher than that of the trading rule applied to the original price time series.
MA Rules
The MA rules differ by the length of the short and long period and by the size of the band. For example, the notation (1,50,0) implies that the SMA period is one day, the LMA is calculated over 50 days, and the band is zero percent. We report the results for all 18 rules separately if an order is executed on the same day when a signal is generated. When the order is executed one day later, the rules with the same LMA and band are grouped together and only average values are presented, in order to save space 29 . This approach results in six categories, with (50,0) for example denoting mean values of the tests obtained with SMA periods of 1, 2 and 5 days and a band of 0%.
To start with the case of the simultaneous generation and execution of trading signals, it becomes obvious that the moving average rules have a strong forecasting power. Across all countries, the difference between mean Buy and mean Sell returns is positive without exception. The statistical significance of r¯B-r¯S, however, varies across the individual markets. All 18 trading rules are significant at the 5 % level for Pakistan, Indonesia, Malaysia and Sri Lanka. 16 (15) rules are significant at the 5 % level while the remaining 2 (3) are significant at the 10% level for Korea (Hong Kong). For the remaining markets, the results are slightly more ambiguous. Taiwan, Thailand, Japan and India have 7, 6, 9 and 12 (12, 10, 12 and 13) rules significant at the 5 % (10 %) level, respectively. The insignificant results are obtained mostly with a LMA of 200 whereas when the LMA is based on the prices over the last 50 trading days, the trading rules provide significant results in all but one case -(5, 50, 1) for Japan. This holds for both trading with a band of 1% or without a band. The results also show that with the exception of just a few combinations in the Thai and Japanese market, there is a negative mean return when Sell signals are in effect. Therefore, the technical trading rules not only separate days of higher and lower returns but are able to point out periods of falling prices.
The standard deviations of the Buy periods are significantly lower than those of the Sell periods with p-values of 0.000 in most of the cases. This means that no bootstraped series' standard deviation exceeds the one of the original series. Obviously, the trading rules are able to identify periods of low volatility with Buy signals indicating that the obtained positive returns are not to be interpreted as a compensation for bearing risk. This is consistent with the results of Brock et al. (1992) . Only exception is the stock index market of Sri
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The complete results are available upon request Lanka for which the hypothesis that the standard deviations of the Buy periods are significantly lower than of Sell periods is rejected for all 18 rules. For LMA periods of 50 days, σ B and σ S have a very similar magnitude while for all other rules σ B is much higher than σ S . This discrepancy to all other markets may be due to the fact that the daily returns in Sri Lanka are much less volatile compared to all other considered markets ( Table 1) .
We next address the degree to which traders using MA rules could have earned trading profits in excess of the buy-and-hold strategy after transaction costs. The analysis uncovers a picture consistent with the results on general forecasting power. All 18 trading rules are significantly profitable at the 5% level for Pakistan, Indonesia, Malaysia and Sri Lanka. All MA rules for Korea and Hong Kong are significantly profitable at the 10% level and the AERs of the remaining countries are mixed. Taking a closer look, there is a strikingly clear pattern: The predominant portion of profits is achieved with a LMA period of the shortest length, 50 days. For this set of rules, negative AERs are documented only for India. Overall, it holds that the shorter the length of SMA and LMA periods, the higher the number of trading signals, with trading rules of a 1% band exhibiting a lower number of signals than their counterparts without a band. Nevertheless, the rules with LMA of 50 days generate profits after trading costs of the highest magnitude and significantly outperform the buy-and-hold position in most of the cases whereas the lowest AERs are often obtained with the rules with LMA period of 200 days.
When undertaking a comparison with the results obtained with a lag of one day, it becomes clear that the strategies with a one-day lag, which might be necessary due to delays in trading, reduce but does not eliminate the predictive power of the technical rules. The difference r¯B-r¯S remains positive on average for all countries, but for the (200,0) set of rules applied to the Indian stock market. Again, the standard deviations of the Buy periods are significantly lower than those of the Sell periods, except for Sri Lanka. Most importantly, even though of a lower magnitude, the average AERs of Pakistan, Indonesia, Malaysia and Sri Lanka (Korea and Hong Kong) remain significant at the 5% (10 %) level. Thaiwan, Thailand and India still offer profitable opportunities with the sets of (50,0) and (50,1) trading rules. Japan is an exception only being profitable at the 10 % level for the (150,0), on average.
TRB Rules
The results of the trade tange break rules are reported in Tables 7, 8 and 9 . Five different lookback periods with immediate order execution and a one day lag are investigated. The column labelled "Rule" gives the number of days in the lookback period (25, 50, 100, 150 or 200). The rest of the tables is organized as described above.
In general, we find the results for the TRB to be mixed and their performance inferior to the MA rules. Although the difference between the mean Buy return and the mean Sell return is positive for all tested combinations with the exception of India (two rules) and Taiwan (three rules), the bootstrap significance level is much lower than for the MA. For nine out of ten markets, the short lookback periods of 25 or 50 days perform the best, the exception being Japan where we obtain the best results for the 200 days lookback period. Furthermore, the shortest lookback periods lead often to the only significant results at the 5 % or 10 % level, only Sri Lanka and Pakistan show a 1% significance for all rules. Even though the results are less pronounced for the TRB than for the MA rules, it is obvious that those rules that work with short-term market trends show the highest predictive power in the Asian markets. In contrast to the MA rules, TRB Sell periods do not always result in negative mean returns. Hong Kong, Korea and India exhibit positive mean Sell returns. On the other hand, four out of ten rules for the Japanese market exhibit negative mean Buy returns. That means these TRB rules are not able to reverse the negative tendency of the Japanese stock market that can be deducted from the negative unconditional mean return given in Table 1 .
As for the MA rules, standard deviations during Buy periods tend to be lower than for Sell periods except for Sri Lanka where it is the other way round and India where we do not find much of a difference between Buy and Sell standard deviations. Again, this indicates that higher returns on Buy days do not come at the cost of taking a higher risk.
Taking a closer look at the profitability of the TRB rules gives a mixed picture. Overall, the 25 and 50 days lookback periods tend to be the most profitable combinations, sometimes being the only rules that are able to beat the buy-and-hold strategy we use as benchmark. Profitability is especially poor for the markets in Hong Kong (only one profitable rule out of ten) and India (two profitable rules). On the other hand, the market of Sri Lanka is not only very profitable for all of the TRB rules, but these profits are also significant at the 1 %-level. The rules are significantly profitable in Pakistan, Malaysia (except for 200 days), Thailand (except for 150 days) and Indonesia (except for 200 days), too. For Taiwan and Korea, the TRB rules with 25, 50 and 100 days work quite well, yielding AERs of almost 400% in the case of Taiwan. However, the longer the lookback period, the more the AERs and the significance deteriorate. One should also note that the Japanese market exhibits extremely high AERs as well, with magnitudes ranging from 150% to 300% above buy-and-hold. However, only five AERs are significant at the 10%-level when we test with the bootstrap, probably due to the longlasting bear market in Japan.
With very few exceptions (lookback periods of 25 days for Malaysia and of 200 days for Japan and Thailand) the lagged rules' performance does not match that of the rules that are immediately executed, no matter if we look at the predictive power measured by r¯B -r¯S or at the AERs. The same is true for the significance of the results. In the case of Hong Kong and India, a lag of one day between signal and trade leads to no rule showing positive AERs any more. Although some of the profits are lost in most markets, even when considering the time lag we still find especially the short rules to show predictive power and positive AERs. AERs of around 400 % can be found in Taiwan, Indonesia and Thailand. Japan, Pakistan, Sri Lanka and Malaysia all show around or more than 250% for the shortest rule. Although the Korean market trails the seven markets just mentioned, we still record AERs of 100% to 150 % for 50 and 100 day lookback periods. Therefore the argument that non-synchronous trading eliminates the usefulness of technical trading rules cannot be supported for most of the Asian markets in the TRB case with short lookback periods.
Discussion
Based on a very recent sample spanning almost 23 years, our results confirm the conclusions of Bessembinder and Chan (1995) , who conclude that transaction costs tend to eliminate the trading profits implying weak form efficiency in most Asian stock markets. Our results show that the predictability of technical trading rules can be translated into significant excess returns after taking trading costs into account even for developed markets like Japan. In addition, sophisticated traders may have earned significant profits in the markets under consideration even during the last two decades which are doubtlessly marked by a distinctive liberalization. Furthermore, we confirm the results of Bessembinder and Chan (1995) and Ito (1999) that the significant forecast power of the trading rules is not completely eliminated by accounting for potential delays in trading. For our sample, it still holds that executing Buy and Sell orders with one day lag exhibits a pronounced forecast power and leads to statistically significant profits, especially with shorter-term rules.
The existence of a specific set of rules which consistently outperforms the buy-and-hold strategy is a further issue of controversy in existing literature. Our findings differ from those of McKenzie (2007) who argues that no trading rule systematically has a significant forecasting accuracy. For our broad and very recent sample, rules with a LMA period of 50 days consistently outperform all other rules, especially in terms of AER, while TRB rules of the shortest lookback periods perform the best. Thus, our results are more in A reason for the underperformance of the TRB rules may be that they detect upward and downward trends later than the MA rules do. An upward trend, for example, may start way below the price used as resistance level. The Buy signal, however, is only generated when the highest price of the lookback period is exceeded. When the MA crossover appears below that the resistance level, the MA rules have a good chance to outperform the TRB rules.
Although our results indicate that technical analysis is more profitable in less developed markets like Pakistan, Sri Lanka and Indonesia, we do obtain good results for developed markets like Hong Kong, Taiwan, Korea and Japan as well, even though less significant in the case of Japan. The better results in the emerging markets may be due to inefficiencies in the information processing in these countries. However, the profits obtained by using very simple and well-known trend-following rules based on historic prices in rather developed markets are a contradiction to the Efficient Market Hypothesis and are at odds with newer studies like Cai et al. Even though it is difficult to name one reason to explain this phenomenon with certainty, the ever growing use of algorithmic trading devices in today's markets may be a driving force behind the pronounced market trends we witnessed over the last two decades. Computer-based trading systems seem to amplify and prolong existing trends, and this leads to the successful application of technical analysis as is the case for the Asian markets we research.
Conclusion
This study investigates whether simple moving average and trading range break rules can forecast stock index movements and outperform a simple buyand-hold strategy after adjusting for transaction costs over the period from January 1990 to September 2012. Although we use rather simple rules without optimizing the parameters, we are able to show that technical trading rules have predictive power in various Asian stock markets. Furthermore, this forecasting power can be exploited by implementing a long-short strategy that beats a buy-and-hold investor even when transaction costs and non-synchronous trading are taken into account. A very remarkable point in favor of the technical rules is that, with the exception of Sri Lanka, they identify periods of above-average returns without simultaneously raising the level of risk. Just the other way round, an investor who enters the market on Buy signals can expect a lower standard deviation than a buy-and-hold investor. Thus, our results confirm that the findings of Bessembinder and Chan (1995) still hold in very recent sample periods. We also document that for our sample, the short-term variants of the technical trading rules are consistently more useful in predicting stock price movements than their long-term counterparts. MA rules with a long moving average period of 50 days consistently outperform all other rules, especially in terms of adjusted excess returns. TRB rules of the shortest lookback periods perform the best, with the TRB rules being generally less predictive and profitable than the MA rules. Considering that the highest excess returns are not widely and arbitrarily spread over the different rules across the countries under consideration provides evidence, along with the conducted bootstrap tests, that there is a distinctive pattern which can be successfully exploited by the participants in these markets. This result may have significant economic implications.
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